Abstract. An emended description of the genus Anomalomyces is given to accommodate a new species of smut fungus, Anomalomyces yakirrae, on Yakirra paucifl ora (Poaceae) from Australia. Th e systematic placement of the fungus within the genus Anomalomyces is based on morphological characters and molecular data from two loci.
Introduction
Anomalomyces Vánky, M. Lutz & R.G. Shivas (2006) was established for a fungus producing sori in hypertrophied ovaries of Panicum (Poaceae). Anomalomyces is one of ten genera of smut fungi endemic to Australia (Lutz et al. 2012) . Anomalomyces was characterised by sori that had a covered peridium without columella and were divided into irregular, incomplete compartments by a membrane of host and fungal origin. Th e brown spores were agglutinated in permanent spore balls with a layer of darkly pigmented cortex. Two distinct types of sterile cells between the spore balls were also present. Spore germination resulted in phragmobasidia that produced basidiospores laterally and terminally. Th e establishment of Anomalomyces as a distinct genus was subsequently supported by molecular analyses (McTaggart et al. 2012b) . Anomalomyces is monotypic represented by the type species A. panici Vánky, R.G. Shivas & M. Lutz and a few collections on Panicum trachyrhachis from the Northern Territory, Australia (Vánky & Shivas 2008) .
In April 2011, a smut fungus was collected in the hypertrophied ovaries of Yakirra paucifl ora in the arid tropical region of north-western Australia. Th e fungus was shown by morphological and molecular methods to represent a second species of Anomalomyces.
Materials and methods
Th e specimen examined in this study is listed below. Th e voucher specimen has been deposited in BRIP and H.U.V. Th e latter abbreviation refers to the personal collection of Kálmán Vánky, "Herbarium Ustilaginales Vánky" currently held at his home (GabrielBiel-Straßr 5, D-72076 Tübingen, Germany). Nomenclatural novelties were registered in MycoBank (www.MycoBank.org, Crous et al. 2004) . Th e genetype concept follows the proposal of Chakrabarty (2010) .
Morphological examination
Spore characteristics were studied using dried herbarium specimens. For light microscopy (LM) spores were suspended in a small droplet of lactic acid, covered with a cover glass, gently heated to boiling point to rehydrate the spores and expel air bubbles from the preparation, and studied at 1000× magnifi cation.
DNA extraction, PCR, and sequencing
Th e methods of isolation of fungal material, DNA extraction, amplifi cation of the ITS 1 and ITS 2 regions of the rDNA including the 5.8S rDNA (ITS, about 680 bp) and the 5'-end of the nuclear large subunit ribosomal DNA (LSU, about 650 bp), purifi cation of PCR products, sequencing, and processing of the raw data followed L utz et al. (2012) . DNA sequences determined for this study were deposited in GenBank. GenBank accession numbers are KC184907/KC184906 (ITS/LSU).
Phylogenetic analyses
Taxa were selected to represent major clades of closely related genera recovered in previous systematic studies ( Fig. 1) (Stoll et al. 2005; McTaggart et al. 2012b ). Alignments of sequence data were undertaken with the MAFFT algorithm and were unedited (Katoh et al. 2009 ). Two phylogenetic assessment criteria were implemented: Bayesian inference using MrBayes (Huelsenbeck & Ronquist 2001; Ronquist & Huelsenbeck 2003) and maximum likelihood using RAxML (Stamatakis 2006) and PhyML (Guindon et al. 2010) . Resulting trees were observed with FigTree (available at http://www.tree.bio.ed.ac.uk/software/ fi gtree/). Alignments and treefi les for all analyses are available at TreeBASE (13664) .
Th e RAxML analyses were run with a rapid Bootstrap analysis (command -f a) using a random starting tree and 1000 maximum likelihood bootstrap replicates. Th e PhyML analyses were implemented using the ATGC bioinformatics platform (available at: http:// www.atgc-montpellier.fr/phyml/), with SPR tree improvement, and support obtained from an approximate likelihood ratio test (Anisimova et al. 2011) . MrBayes was used to conduct a Markov Chain Monte Carlo (MCMC) search in a Bayesian analysis. Two runs, each consisting of four chains, were implemented until the average standard deviation of split frequencies had reached 0.01. Th e cold chain was heated at a temperature of 0.25. Substitution model parameters were sampled every 100 generations and trees were saved every 5000 generations. A user-defi ned tree obtained from the maximum likelihood analyses was used as a starting point in the Bayesian analysis. Convergence of the Bayesian analysis was examined using the cumulative and comparative analyses in AWTY (Nylander et al. 2008) .
Results
Th e results of the morphological examination by light microscopy and SEM are included in the species description and Fig. 2 . Th e molecular phylogenetic analyses (Fig. 1 ) recovered six well resolved genera -Anthracocystis, Langdonia, Sporisorium, Stollia, Triodiomyces and Ustilago s. str. -with strong phylogenetic support. Similar topologies were reconstructed by the three diff erent phylogenetic packages. Relationships between the genera were not well-supported. Anomalomyces panici and A. yakirrae were recovered in a clade, but with weak support from the RAxML and Bayesian analyses. Anthracocystis and Sporisorium were recovered as sister genera with strong support.
Discussion
To date about 1,600 species of smut fungi (sub-phylum Ustilaginomycota) in about 90 genera are described, with almost half of these species infecting grasses (Vánky 2011) . Most genera and species of smut fungi that occur on grasses were established on the basis of diff erences in morphology and host range. Shared morphological characters between some of the larger genera of smut fungi on grasses, e.g. Ustilago, Sporisorium, Tranzscheliella and Macalpinomyces, has made delimitation of genera and species placement problematic (McTaggart et al. 2012a) .
Th e fi rst large scale systematic studies for grass-infecting smut fungi were not able to identify characters that defi ned monophyletic groups (Stoll et al. 2003 (Stoll et al. , 2005 . Since then two new genera of smut fungi on grasses were described and named, Anomalomyces Vánky, M. Lutz & R.G. Shivas (2006) and Tubisorus Vánky & M. Lutz (2011) . Each of these genera was established based on morphology combined with molecular phylogenetic analyses. More recently a systematic study by McTaggart et al. (2012b, c) determined synapomorphic characters that resolved the generic classifi cation of some of the grass infecting smut fungi in the Ustilaginaceae. Anomalomyces yakirrae and A. panici are morphologically similar in two respects. Firstly, each has a well-developed membrane of host and fungal origin that divides the sori into incomplete, irregular compartments. Secondly, each has spore balls that are covered in a dark brown amorphous cortex. Th e two species diff er in that Anomalomyces yakirrae does not have the small (< 5.5 μm diam.) dark olivaceous brown sterile cells found in A. panici. Th e dark brown layer that covers the spore balls is of fungal origin. Th is layer coats the apex and sides of the outermost cells in the spore balls. Exerting heavy pressure on the cover slip of microscope slide preparations separates this layer from the outermost cells, indicating that the layer provides structural integrity to the spore ball and protection for the spores. Vánky et al. (2006) provided an image of the young spore balls of Anomalomyces panici, Shivas, R.G. et al. -Anomalomyces yakirrae, sp. nov. on Yakirra pauciflora from Australia which shows that this surface layer develops at a very early stage from strongly modifi ed, small, fungal cells as illustrated in the young spore ball in the middle of Fig. 4, p. 123 .
Th e grass hosts of Anomalomyces yakirrae and A. panici are Yakirra and Panicum respectively. Th ese two closely related genera of grasses, belong to the Paniceae tribe of the Panicoideae subfamily. Th e close relationship of these two grasses together with the shared morphological characters of Anomalomyces yakirrae and A. panici, indicates a close relationship between the two smut fungi.
Th e relationship between Anomalomyces yakirrae and A. panici is weakly supported by molecular data. Based solely on molecular data the establishment of a new genus for Anomalomyces yakirrae was an option, as the phylogentic analysis was neither supportive nor contradictory. We have chosen not to establish a new genus as soral morphology and host specifi city suitably delimit Anomalomyces.
Taxonomy
Th e discovery of a second species of Anomalomyces, with only one kind of sterile cell between the spore balls, requires an emended generic description. Sori (Figs 2a, b) in some ovaries of an infl orescence, ovoid, 1.5-2 × 2-3.5 mm, partly hidden by the fl oral envelopes, covered by the dark brown peridium composed of host and fungal cells, at maturity ruptures to expose the blackish brown, semi-agglutinated to granular-powdery mass of spore balls. Columella absent, but weakly developed membrane of host and fungus origin present in some sori. Spore balls (Fig. 2c) subglobose, ovoid, ellipsoidal, elongated to subpolyhedrally irregular, 30-90 × 40-150 μm, dark reddish brown or opaque, composed of tens to hundreds of tightly packed spores that separate under pressure, covered in a 2.5-3.5 μm thick, dark reddish brown amorphous cortex.
